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COMPUTING  BASIC  LIGHT  DATA  FROM  THE  AIR  ALMANAC 

INTRODUCTION 

A  pilot  comes  into  your  weather  office  and  asks  for  the  time  of  sunset 
at  his  destination;  or  perhaps  you’re  out  in  the  field  and  have  no 
access  to  a  computer  or  some  other  means  of  computing  astronomical 
data.  How  can  you  provide  this  information  using  the  Air  Almanac? 

This  Tech  Note,  which  has  been  reviewed  by  the  Nautical  Almanac  Office. 
U.S.  Naval  Observatory,  describes  the  procedures  for  extracting  these 
data  from  the  Air  Almanac.  It  will  also  describe  basic  theories  and 
laws  governing  these  phenomena.  A  frame-by-frame  programmed  learning 
approach  is  used. 

The  Air  Almanac  is  published  annually  by  the  Naval  Observatory,  and  is 
available  from  the  Superintendent  of  Documents,  U.S.  Government 
Printing  Office,  Washington,  DC  20402.  Note:  AWS  units  should  obtain 
the  Almanac  using  procedures  defined  in  AWSR  7-1. 

The  tables  and  graphs  reproduced  in  this  Tech  Note  are  from  the  Air 
Almanac  1987  edition;  consequently  the  data,  table  numbers  and  page 
numbers  will  not  necessarily  agree  with  another  edition.  The 
procedures  for  extracting  the  data  are  the  same,  regardless  of  the 
edition  used. 

To  complete  some  of  the  calculations  you  will  need  a  few  sheets  of 
scratch  paper,  both  to  cover  the  answers  (which  follow  the  questions) 
and  to  make  calculations.  A  clear  plastic  straight  edge,  and  in  some 
cases  either  a  pocket  calculator  or  trigonometric  tables  will  also  be 
needed 

The  following  publications  were  used  in  preparing  this  Tech  Note: 

a.  AFM  51-40,  1983,  Air  Navigation  ,  Chaps  9-10. 

b.  The  Air  Almanac,  U.  S.  Naval  Observatory,  U.  S.  Government  Printing 

Office,  Washington  D.C.,  1987. 

Upon  completion  of  the  Program  you  should  be  able  to  extract  the  data 
necessary  to  support  your  mission  directly  from  the  Air  Almanac.  You 
can  use  a  worksheet  similar  to  the  one  provided  at  the  end  of  this 
text,  to  make  the  extraction  of  data  easier.  ED. Note:  The  worksheet  was 
based  on  an  idea  of  SMSgt  Depew  of  25  Wea  Sq.  He  had  developed  a 
similar  worksheet,  which  was  distributed  for  use  to  his  subordinate 
units. 


LEARNING  OBJECTIVES 


1.  State  the  main  reason  why  sunrise,  sunset  and  twilight  times  change 
from  day-to-day. 

2.  Name  two  factors  that  cause  moonrise/set  times  to  change  from  day 
to  day  . 

3.  Given  a  date  and  a  position  between  72  Deg.  N.  and  60  Deg.  S, 
obtain  the  times  of  sunrise/set,  moonrise/set,  and  morning  and  evening 
civil  twilights  in  either  Universal  Time  (Greenwich  Mean  Time) ,  Local 
Mean  Time,  Local  Standard  and/or  Daylight  Savings  Time,  by  using  the 
tables  in  the  Air  Almanac . 

4.  Given  a  date  and  a  position  between  65  Deg.  N.  and  90  Deg.  N, 
obtain  the  times  of  sunrise/set,  moonrise/set,  and  morning  and  evening 
civil  twilights  m  either  Universal  Time  (Greenwich  Mean  Time) ,  Local 
Mean  Time,  Local  Standard  and/or  Daylight  Savings  Time,  by  using  the 
tables  in  the  Air  Almanac. 

5.  Given  a  location,  date  and  time,  calculate  the  azimuth  and  altitude 
of  the  sun. 


PROGRAMMED  LEARNING  TEXT 


FRAME  I 

In  order  to  utilize  the  Air  Almanac  to  find  Sunrise/set,  and 
twilight  times  for  your  given  location  you  should  have  some 
background  as  to  why  these  times  vary  both  on  a  daily  basis  and  also 
1  at i tud i nal 1 y .  The  main  reason  the  sun  does  not  rise  at  the  same 
time  every  day  is  the  fact  that  the  earth’s  axis  is  tilted  with 
respect  to  it’s  orbital  plane.  There  are  other  factors  such  as,  the 
earth's  elliptical  orbit  and  it’s  wobble  at  the,  poles  but  this  only 
.^.-'tributes  a  few  minutes  to  the  annual  variation.  However,  it  is 
the  tilt  of  the  axis  that  causes  the  seasons  and  the  extremes  in  the 
lengths  of  daylight  and  darkness. 

In  the  illustration  of  the  earth  and  its  orbit  (Figure  1) ,  the  21 
December  (winter  solstice)  and  21  June  (summer  solstice)  earth 
representations  have  been  enlarged  to  show  the  extremes  in  length  of 
daylight  caused  by  first  one  pole,  then  the  other  being  tilted 
toward  the  sun.  Notice  in  the  enlargements  that  the  length  of 
daylight  varies  with  latitude.  On  21  June,  for  example,  the  length 
of  daylight  becomes  progressively  shorter  as  you  move  from  north  to 
south . 


The  axis  remains  tilted  in  the  same  direction  as  the  earth  moves  in 
its  orbit  around  the  sun.  This  causes  the  length  of  daylight  at  any 
one  location  to  vary  from  day  to  day.  On  21  March  (spring  equinox) 
and  21  September  (autumnal  equinox) ,  the  axis’  tilt  is  in  a  plane 
perpendicular  to  the  sun’s  rays,  and  the  durations  of  daylight  and 
darkness  are  about  12  hours  each  for  all  latitudes. 


Using  the  illustration,  (Figure  1)  state  the  approximate  duration  of 
daylight  for  the  latitude  45®  N.  on  the  following  dates: 

A.  21  December  _ 

B.  21  March  _ 

C.  21  June  _ 

D.  21  September  _ 

********** 

ANSWER: 

A.  9  hours 

B.  12  hours 

C .  15  hours 

D.  12  hours 

FRAME  2 

The  main  reason  that  the  times  of  sunrise/set,  and  the  begin/end 
times  of  the  twilights  vary  is  because: 

_  A.  of  the  obliquity  of  the  ecliptic 

_  B.  the  poles  wobble. 

_  C.  the  earth’s  orbit  is  an  ellipse. 

_  D.  the  earth’s  axis  is  tilted  23  1/2°  with  respect  to  the  plane 

of  the  earth’s  orbit. 

*********** 

ANSWER: 

X  D. 

FRAME  3 

The  earth’s  axis  tilt  and  other  factors  are  taken  into  consideration, 
by  the  Naval  Observatory  when  they  compute  the  times  of  sunrise/set 
and  twilights,  which  are  published  in  the  Air  Almanac.  The 
published  Almanac  times  are  Greenwich  Mean  Time  (GMT)  or  they  are 
also  called  Universal  Time  (UT) .  "Mean  time"  is  based  on  the 
assumption  that  the  earth  rotates  about  its  axis  at  a  constant 
velocity  (actual  changes  from  one  day  to  the  next  are  very  slight) 
Because  of  this  assumption,  it’s  possible  to  establish  the 
following  relationship  between  time  and  the  earth’s  rotation: 


TIME  ARC 

24  hours  360° 

1  hour  15® 

4  minutes  1® 


he  sun  will  appear  to  pass  through  an  ar 
(GMT)  is  mean  time  measured  with  respec 
(See  Figure  2.)  At  0000  GMT,  the  sun  (t 
ay  the  "mean  sun")  is  directly  above  the 
from  Greenwich,  i.e.;  180o  from  Greenwich,  and 


n  sun  is  directly  above  the  Greenwich  lo 


Below  is  a  a  replica  of  the  list  of  contents  (Figure  3)  taken  from 
an  Air  Almanac .  The  tables  and  graphs  used  in  this  programmed  text 
have  been  underlined. 


Inside  front  cover 
Daily  pages 

F1-F2  (flap) 

F3  (flap) 

F4  (flap) 

A. -A3 

A4- A 1 7 

A 1 8- A 1 9 

A20-A23 

A24-A121 

A122-A124 

A125 

Al26-Al2Q 
A130-A145 
A146-A152 
A 1 53~Ai  56 

At  57 

A158-A163 
A164-A165 
A 166 
A167 
A 168 

Inside  back  cover 


LIST  OF  CONTENTS 

Contents 

Star  list  (57  stars)  and  G.H.A.  interpolation  tables 
Ephemerides  of  Sun,  Moon,  Aries  and  planets:  moonrise  and 
moon  set 
Star  chart 

Star  list  (57  stars)  and  G.H.A.  interpolation  tables 
Interpolation  of  moonrise  and  moon  set  for  longitude,  and  star  index 
Title  page,  preface,  etc. 

Explanation 

List  of  symbols  and  abbreviations 


Sky  diagrams 
Planet  location  diagram 

Moonlight  interference  diagram;  planet/star  confusion  table 
Star  recognition  diagrams  for  periscopic  sextants 
Sunrise,  sunset  and- civil  twilight 
Rising,  setting  and  depression  graphs 

Semi-duration  graphs  of  sunlight,  twilight  and  moonlight,  in  high 
latitudes 

Fraction  of  Moon  illuminated 
Star  list,  173  stars  (accuracy  o'  i) 

Interpolation  of  G.H.A.  Sun  and  G.H.A.  Aries  (accuracy  o'-i) 
Conversion  of  arc  to  time 
Polaris  tables 

Corrections  for  (total)  refraction  and  Coriolis  (Z)  table 
Corrections  to  marine  sextant  observations  and  dome  refraction 


Figure  3.  Air  Almanac  List  of  Contents 


*  *N0  RESPONSE  NECESSARY* * 
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FRAME  4 

In  the  sunrise/set,  and  twilight  tables  the  times  are  listed  in 
Local  Mean  Time  (LMT)  for  every  third  day  for  the  specific  latitudes 
shown  at  the  side  of  the  table.  When  there  is  less  than  a  three 
minute  change  between  the  days  listed,  simply  use  the  time  listed 
for  the  nearest  date.  If  the  change  is  three  minutes  or  more,  you 
must  interpolate  for  the  date  required.  You  must  also  interpolate 
between  latitudes,  if  your  latitude  of  interest  is  not  listed. 


I 


Using  the  sample  sunrise  table  in  Figure  4,  find  the  times  (LMT) 
sunrise  for  the  following  dates  and  latitudes: 
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FIGURE  4. 


SAMPLE  SUNRISE  TABLE 


NOTE:  For  the  northernmost  latitudes  on  this  and  similar  tables  you 

will  see  a  number  of  symbols  used.  The  symbols  and  their  meanings 
are  as  follows: 

I  I  Sun  continuously  above  the  ho r. son. 

■■■  Sun  continuously  below  *he  horizon. 

////  Twilight  lasts  all  night. 

*###*«#### 

ANSWER: 

A.  0739  LMT 

B.  0514  LMT 

C.  0823  LMT 

D.  0624  LMT 


A 1 60 


CONVERSION  OF  ARC  TO  TIME 


5  o  20 

6  o  24 

7  o  28 

8  032 

9  o  3<i 


10  o  40 

11  O  44 

ia  o  48 

13  o  52 

14  o  $6 


15  1  00 

16  1  04 

17  1  08 

18  112 

19  I  16 


47  3 


55  3  4» 

5<>  3  44 

57  3  48 

58  3 

59  3  5& 


The  above  table  is  for  converting  expressions  m  arc  to  their  equivalent  in  time;  its  main  use  in  this  Almanac  is 
for  the  conversion  of  longitude  for  application  to  L.M  T.  ( added  if  west,  subtracted  if  east)  to  give  G.M.T.,  or  vice  versa, 
particularly  in  the  case  of  sunrise,  sunset,  etc.  _ 


Figure  5.  Conversion 


Arc:  To  Time  Table 


rW.rW  ' 


FRAME  5 


The  sunset,  and  the  morning  and  evening  civil  twilight  tables  are 


read  just  like  the  sunrise  table.  Remember,  these  times  are  the 


Local  Mean  Time  (LMT)  for  the  event,  and  can  be  converted  to  either 


Local  Standard  Time  or  Universal  Time  (GMT)  by  using  the  Conversion 
of  Arc  to  Time  table  (Figure  5)  of  the  Almanac.  Notice  that  the 
conversion  factor  in  the  Arc  to  Time  Table  is  simply  1°  of  longitude 
equals  4  minutes  time.  The  first  six  columns  of  the  table  are  the 


hours  and  minutes  conversion,  while  the  last  column  is  the  minutes 


and  seconds  conversion.  For  example,  (using  Figure  5)  we  will  find 
the  time  difference  corresponding  to  a  longitude  difference  of  147* 
37’ .  located  147°  in  the  third  column,  you  will  find  that  147° 
equals  9  hr  48  min  and  the  37'  =  2  min  28  sec.  add  them  together: 


9  hr  48  min 
+  2  min  28  sec 


In  computing  these  times,  you  can  round  off  to  the  nearest  minute, 
thus,  the  time  difference  corresponding  to  a  longitude  difference  of 


1 47°  37’  is  9  hr.  50  min. 


Find  the  time  difference  corresponding  to  the  following  longitude 


differences.  Round  off  the  time  to  the  nearest  minute. 


76°  17’ 


1 4'1  55’ 


D.  120°  16’ 


*######*## 


ANSWER: 


A.  5  hr  05  min 


B.  1  hr  00  min 


8  hr  11  min 


D .  8  hr  01  min 


mm 


FRAME  6 

Using  the  Conversion  of  Arc  To  Time  Table  to  convert  LMT  to  GMT  is 
fairly  simple,  since  you  are  simply  converting  from  your  longitude 
position  to  the  0°  Meridian.  First,  convert  your  longitude  to  time 
then,  add  this  conversion  to  LMT  if  your  longitude  is  west,  or 
subtract  it  from  LMT  if  your  longitude  is  east. 

For  example,  here  is  the  conversion  of  0630  LMT  to  GMT  for  Langley 

AF3 ,  Va ,  which  is  located  at  76°  21'  W. 

76*  =  5  hr  04  min 

+ _ 2  1’=  01  min  24  sec 

5  Fir  CF5  min  Ti  sec  =  5  hr  05min 


6  hr  30  min  LMT 

*  5  hr  05  min(added;  longitude  is  west') 
11  hr  35  min  =  1135  GMT 


Convert  0630  LMT  on  18  May  to  GMT  for  the  following  stations: 


Fulda ,  Germany 

9° 

41  ' 

E 

Osan,  Korea 

127s 

02  ' 

E 

Brasilia,  Brazil 

47° 

56  ’ 

W 

Amberley,  Australia 

152° 

43  ’ 

E 

«»«****»** 


ANSWER: 

A.  0552  GMT,  18  May 

B.  2202  GMT,  17  May 

C.  0942  GMT,  18  May 

D.  2019  GMT,  17  May 


Frame  7 

The  easiest  way  to  find  LST  using  strictly  the  Air  Almanac  and 
nothing  else  is  to  simply  find  GMT,  as  you  did  in  Frame  6,  and  apply 
the  correction  to  standard  time  which  is  indicated  in  pages  A20-A23 
of  the  Air  Almanac.  NOTE:  Standard  Time  corrections  are  also  located 
in  the  Flight  Information  Publication  (FLIP)  pertaining  to  your  Area 
of  interest.  The  Standard  Time  zones  are  based  on  specific  Standard 
Meridians  which  are  normally  Spaced  at  15 c'  of  longitude,  either 
east  or  west,  beginning  with  the  Prime  Meridian  (00) ;  however, 
either  geographical  considerations  or  local  1  aw  can  be  used  to 
adjust  Standard  Time.  Because  the  LST  for  your  location  must  be 
figured  using  The  Standard  Meridian  for  your  time  zone,  which  is  not 
necessarily  the  one  closest  to  it.  you  must  insure  that  the  proper 
correction  is  applied,  e.g.  In  eastern  and  western  Kentucky  there 
are  2  different  time  zones;  Newfoundland  has  a  Standard  Time 
correction  of  +3  hrs  30  Minutes  etc. 

If  you  do.  know  the  Standard  Meridian  that  is  used  for  your  time  zone 
then  you  simply  apply  the  correction  as  determined  from  the  Arc  to 
Time  Table  to  the  Local  Mean  Time  listed  in  the  Sunrise/set  tables. 
Add  the  correction  if  you  are  west  of  the  Standard  Meridian  and 
subtract  the  correction  if  you  are  east.  This  correction  will 
normally  be  less  than  1  hour,  remember,  because  Standard  Meridians 
are  normally  15^  apart,  and  P  of  longitude  =  4  minutes  time.  (See 
the  map  on  page  49) 

Let’s  use  Langley  AFB ,  VA  as  an  example  of  this  last  case.  Langley, 
which  is  located  at  37s  05’  N.,  76'z’  21'  W.  13  in  the  Eastern 
Standard  Time  Zone  which  uses  7 5°  West  longitude  as  it’s  Standard 
Meridian.  The  LMT  for  sunrise  on  the  18th  of  March  is  0508  LMT .  What 
time  does  sunrise  (LST)  occur  at  Langley?  Langley  AFB,  VA  is 
located  1-  21’  West  of  the  Standard  Meridian  and  this  equates  to  a 
correction  of  5  minutes  (1°  21’  =  5  min  24  sec  which  rounds  off  to  5 

min).  The  correction  added  to  the  published  LMT.  indicates  a  sunns* 
time  at  Langley  AFB  on  18  March  of  0613  LST. 


Find  time  of  sunrise  (LST)  for  the  following  stations  using  a  time 
of  0630  LMT: 


A.  Fulda,  Germany  (9°  41'  E.) 

B.  Osan,  Korea  (  127'"  02’  E.) 

C.  Brasilia.  3razil  (QT*  5 o' 

D.  Amber  ley,  Australia  (152-'' 

ANSWER: 

A.  0651  LST 

B.  0702  LST 

C.  0642  LST 

D.  0619  LST 


Standard  Meridian 

15-  E.  _ 

135*  E.  _ 

W.  )  45°  W.  _ 

43 ’  E . )  150°  E .  _ 

#**####### 


FRAME  6 

Some  locations  use  Daylight  Savings  Time  (LDT) .  For  an  indication  of 
which  countries  use  LDT  see  the  Standard  Time  tables  pp .  A20-23  or 
the  applicable  Flight  information  Publication  for  your  area  of 
interest.  To  convert  to  Daylight  Savings  Time  (LDT)  you  just  add  1 
hour  to  the  LST . 

Using  the  following  Figure  (Figure  6)  and  the  Conversion  of  Arc  to 
Time  Table  (Figure  5) ,  find  the  LDT  of  sunset  on  11  September  for 
the  following  stations: 

Standard  Meridian 


A. 

Fulda,  FRG . 

(50"  33* 

N. 

9"  41* 

E.  ) 

15°  E 

B  . 

Langley  AFB ,  Va 

(37°  05’ 

N. 

76 "  21  ’ 

W.  ) 

75°  W 

C  . 

Bras  ilia,  Bra . 

(15°  51 ’ 

S  . 

47"  56* 

W.  ) 

45"  W 

D.  Amberley,  Aus .  (27°  39’  S.  152°  43’  E.)  150°  E. 
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Figure  6.  Sunset  Table. 
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ANSWER: 

A. 

1946 

LDT 

B. 

1920 

LDT 

C  . 

1807 

LST 

D. 

1740 

LST 

FRAME  9: 

Why  not  LDT7  Because  it’s  not  summer  in  the 
southern  hemisphere!  Gotcha' 1 ' ' 

PROGRESS  CHECK 


Using  the  extracts  from  the  four  sun-event  tables  provided  below  and 
the  Conversion  of  Arc  to  Time  table  in  figure  5,  find  the  Local 
Standard  Times  for  the  start  of  morning  civil  twilight,  sunrise, 
sunset,  and  the  end  of  civil  twilight  on  1  January  for  the  following 
stations : 


A. 

Langley 

AFB ,  Va  (37°  05* 

N.  76°  21’ 

W.  ) 

B  . 

Amber  1 ey 

.  Aus.  (27°  39’ 

S.  152°  43’ 

E.  ) 
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Figure  7.  Sun  Events  Tables 
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ANSWER: 


A.  0650,0719,1659.1728 

B.  0430,0457,1849,1915 

(Answers  within  one  minute  of  these  can  be  considered  correct 
because  of  the  interpolation  involved.) 


ONE  FINAL  NOTE:  Nautical  and  Astronomical  Twilight  times  are  not 
provided  in  the  Air  Almanac,  but  can  be  estimated  by  using  the  time 
difference  between  sunrise  and  start  of  civil  twilight,  or  sunset 
and  end  of  civil  twilight.  Add  the  difference  to  end  of  Civil 
Twilight  to  get  the  end  of  nautical  twilight;  add  the  difference 
again  to  get  end  of  astronomical  twilight.  For  corresponding  start 
of  twilight  times,  subtract  the  difference  from  starts  of  civil 
twi light  etc . 

So  far,  you  have  learned  how  to  find  times  of  sunrise/set,  and  the 
twilights  between  the  latitudes  of  72°  North  and  60°  South.  Although 
the  Air  Almanac  does  not  cover  the  area  south  of  60°  South  latitude, 
it  does  cover  the  area  north  of  72°  North.  The  next  few  frames 
will  explain  these  graphs. 


**N0  RESPONSE  NECESSARY  *  * 


15 


An  example  of  a  Semiduration  of  Sunlight  Graph  is  shown  below. 


SUNLIGHT  AND  TWILIGHT  A153 

nrs 

Neo 

N75 

N70 

1  16  1  16  1  16  1  16  1  16  1  16  1 
JANUARY  FEBRUARY  MARCH  APRIL  MAT  JUNE 

Figure  8.  Semiduration  of  Sunlight 

The  graph  covers  a  six-month  period;  the  months  are  indicated  across 
the  bottom.  Every  fifth  day  there  are  tick  marks;  they  are  depicted 
along  the  top  and  bottom  of  each  chart.  The  sides  of  the  graph 
indicate  latitudes  from  65°  North  to  90°  North.  Across  the  top  you 
♦Iso  see  time  in  hours  and  minutes .  e.g.  12H  14m  ....etc.  These 
times  are  the  t'mes  of  meridian  passage  which  can  be  read  to  the 
nearest  minute  for  each  day.  Meridian  passage  is  the  time  that  the 
sun  passes  your  long.tude;  i.e.  the  time  of  apparent  noon  during 
each  24-hour  period.  The  skewed  lines  on  the  graph  are  the 
semiduration  lines.  They  show  the  number  of  hours  of  sunlight  that 
will  occur  before  and  after  the  meridian  passage- -hence  the  term 
semi  durst i on '  .  "Sun  below  horizon"  and  "Sun  above  horizon"  are 
self-explanatory.  In  the  regions  of  the  graph  that  you  find 
difficult  to  interpret,  the  phenomena  themselves  are  generally 


speaking .  uncertain . 


FRAME  10  (contd) 

Here’s  an  example  of  how  to  read  the  graph  to  find  the  sunrise/set 
times  on  1  March  at  80*  North  (using  figure  8)  :  first,  follow  the 

1  March"  line  to  rhe  top  of  meridian  passage.  An  "x"  has  been 

placed  there,  between  12h  14m  and  12h  10  m,  or  approximately  12h 

12m.  Thus,  the  meridian  passage  time  on  1  March  for  any  meridian 
is  12h  12m  LMT .  Next  proceed  along  the  line  to  your  latitude  of 
interest  (80°  N.) .  An  " x "  has  also  been  placed  at  that  point.  This 
point  lies  approximately  on  the  skewed  line  labelled  "3h. 

Therefore,  the  semiduration  of  sunlight  on  1  March  at  80°  North 
latitude  is  3  hours.  With  3  hours  sunlight  before  and  after  the 

meridian  passage  time  you  can  now  compute  the  sunrise  to  be  0912  LMT 

'.12  -  3h  =  0912)  and  the  sunset  to  be  1512  LMT  (12h  12m  +  3h  =  1512) 
New  it’s  your  turn1  Use  figure  8  and  find  local  mean  times  of 
sunnse/set  for  the  following  dates  and  latitudes.  (A  clear  straight 
edge  will  be  useful  here.) 

Sunrise  Sunset 


A  . 

16 

April , 

80° 

N. 

3  . 

10 

February , 

70* 

N. 

C  . 

15 

March , 

78* 

N. 

D  . 

1 

Apr l 1 , 

73* 

N. 

******»«« 


ANSWER: 

A.  Sun  continuously  above  horizon. 

3.  0854  LMT  1534  LMT 

C.  0639  LMT  1739  LMT 

T.  0449  LMT  1919  LMT 


JANUART 


FEBRUARY 


Figure  9.  Duration  of  Twilight  Graph 


The  Duration  of  Twilight  graph  (Figure  9)  is  similar  to  the 
Semiduration  of  Sunlight  graph;  but  notice  that  the  skewed 
hour  lines  are  not  smoothly  curved  as  vh ey  are  on  the  sunlight 
graph.  They  are  kinked  in  places.  These  kinks,  if  superimposed  onto 
the  corresponding  sunlight  graph,  would  fall  on  the  "Oh"  line,  and 
along  this  line  the  sunrise  may  or  may  not  occur.  We  have  drawn  a 
dashed  line  in  the  example  which  enables  us  to  define  the  four  areas 
in  the  chart  as  follows: 

Area  A  -  Mo  Twilight  or  sunlight.  In  this  area  the  sun  never  gets 
within  6's  of  the  horizon. 

Area  B  -  This  is  the  area  where  the  sun  is  continuously  below  the 
horizon  but  does  get  near  enough  (within  to  the  horizon  during  a 

portion  of  the  day  that  there  is  twilight.  The  value  determined  in 
this  region  of  the  graph  is  actually  the  interval  between  the 
beginning  of  twilight  and  the  time  of  meridian  passage. 

Area  C  -  This  value  when  applied  to  the  time  of  sunrise  (-)  or 

sunset  (+)  gives  you  the  amount  of  available  twilight 

Area  D  -  Continuous  Twilight  or  Sunlight  -  self-explanatory. 


FRAME  11  (contd) 

Let’s  work  an  example  to  show  just  how  this  graph  works  (see  figure 
8)  or.  a  worst  case  scenario.  We  want,  to  find  out  the  amount  of 
twilight  available  on  11  February  at  77;  North  (Point  "x‘i .  As  you 
can  see  it  sits  in  the  heart  of  the  transition  zone  between  sunrise 
and  no  sunrise.  The  first  thing  we  do  is  draw  a  dotted  line 
connecting  the  kinks  in  the  hour  lines.  Point  '  x  "  is  located  bet  we  e  n 
the  “3h"  lines,  so  we  must  interpolate  between  the  3h  and  4h  lines 
to  get  a  usable  value  to  work  with.  It  is  located  about  2/3  of  the 
way  (2/3  of  60  min  =  40  minutes) ,  so  the  correct  value  of  twilight 
is  3h  40  min.  The  sun  may  or  may  not  rise  completely  above  the 
horizon  on  this  date  at  this  position.  A  good  light  forecast  for 
this  date  would  be  7  hrs  20  minutes  of  twilight,  with  the 
possibility  of  the  sun  actually  being  visible  for  a  few  minutes 
around  the  time  of  meridian  passage . 

Now,  you  work  a  few  examples.  Find  the  total  duration  of  twilight 
(using  figure  9)  for  the  following  dates: 

A.  16  January,  78°  N.  _ 

B.  1  February,  73*  N.  _ 

C.  31  March  .  80*  N.  _ 

D.  16  February,  80*  N.  _ 

ANSWER: 

A.  No  Twilight  or  sunlight. 

B.  6  hr  00  min. 

C.  Continuous  twilight  or  sunlight. 

D .  6  hr  40  min. 

FRAME  12 

The  Duration  of  Twilight  (Figure  11)  graph  is  read  in  conjunction 
with  the  Semiduration  of  Sunlight  graph  (Figure  10) .  Notice  that  the 
twilight  graph  does  not  have  the  times  for  meridian  passage  on  it. 
However,  since  the  twilight  graph  is  always  placed  directly 
underneath  the  sunlight  graph  in  the  Air  Almanac,  the  meridian 
passage  time  can  be  obtained  with  a  straightedge,  if  necessary. 
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FRAME  12  (ccntdi 


Let’s  recap  the  steps  for  finding  the  times  of  sunrise/set,  and 
twilight  times  in  the  65-'  to  90°  North  latitude  region. 

1.  Find  the  time  of  meridian  passage. 

2.  Find  the  Semi duration  of  Sunlight. 

3.  Apr iy  the  value  to  the  meridian  passage  time  for  sunrise 
i subtract)  and  sunset  (add)  . 

4.  F:nd  the  duration  of  twilight. 

5.  Apply  the  value  to  the  sunrise  time  (subtract)  for  begin  time  of 
morning  twilight  and  to  the  sunset  (add)  to  obtain  the  end  of 
evening  twilight. 

6.  Remember,  even  if  there  is  no  sunrise  or  sunset  there  can  still 
be  twilight.  Subtract  the  value  from  the  meridian  passage  time  for 
beginning  time;  add  the  value  to  the  meridian  time  to  compute  the 
end  time  of  twilight. 

Now  let’s  find  the  local  mean  times  (using  Figures  9  and  10)  for  all 
of  the  events  listed  below; 

BEGIN  TWI  SUNRISE  SUNSET  END  TWI 

A.  18  February,  75°  N.  _  _ _ _ 

B.  16  April  ,  78°  N.  _  _  _  _ 

C.  1  March  ,  84°  N.  _  _  _  _ 

D.  1  April  ,  75°  N.  _  _  _  _ 

ANSWER; 


A. 

0744  , 

0924  , 

1504  , 

1644 

B  . 

Continuous , 

0200  , 

2200  , 

Continuous 

C  . 

0722  , 

None  , 

None  , 

1702 

D  . 

0304  , 

0444  , 

1924  , 

2104 

(Twilight  times  within  15  minutes  of  our  answers  may  be  considered 
as  correct) 


FRAME  13 

To  compute  the  sun’s  az.muth  and  elevation  at  a  specific  time  and 
place,  you  must  use  the  daily  pages  and  Interpolation  of  GHA  Table 
m  the  Air  Almanac. 

You  will  need  a  hand-held  calculator;  there  are  numerous  programs 
available  for  both  the  TI-59,  and  HP  41  calculators.  Programs  are 
also  being  developed  for  microcomputers.  See  AWS  TC  3X/001  for  a 
listing  of  available  programs.  They  are  simple  to  use:  just  fill  in 
the  values  from  the  Air  Almanac,  as  directed. 

NOTE:  The  time  of  sunrise/set  is  given  as  the  time  the  observer  on 
earth  would  first  see  the  upper  edge  of  the  sun  along  the  horizon. 
However,  solar  altitude  is  determined  by  the  position  of  the  sun's 
center  not  it’s  edge.  Consequently,  the  time  that  the  solar  altitude 
equals  0°  may  not  exactly  match  the  time  of  sunrise/set. 

#  #  *  NO  RESPONSE  NECESSARY#*# 

FRAME  14 

You  should  now  be  able  to  calculate  sunrise/set,  and  twilight  times 
for  any  point  North  of  60°  S.  The  next  few  frames  will  teach  you  how 
to  find  moonrise  and  moonset  times  for  the  same  area.  Their 
organization  in  the  Air  Almanac  is  the  same  as  for  sun  times;  there 
are  tables  for  latitudes  between  72°  N.  and  60°  S. ,  and  graphs  for 
latitudes  between  65°  and  90°  N.  Before  discussing  how  to  read  these 
tables  and  graphs,  let’s  look  at  some  of  the  reasons  that  make  them 
necessary . 

*  *N0  RESPONSE  NECESSARY*  * 


FRAME  15 


The  moon  revolves  around  the  earth  once  every  28  days  or  so.  The 
phases  of  the  moon  are  caused  by  its  position  in  its  orbit.  Using 
figure  12  you  can  see  how  the  moon  is  viewed  from  earth,  by  looking 
at  the  outer  figures  at  each  position.  From  space  the  moon  can  be 
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FRAME  15  (contd) 

seen  as  half -illuminated  at  all  times  (the  inner  figures) . 

The  24  hour  clock  face  around  the  earth  illustrates  to  you  how  you 
can  obtain  a  rough  estimate  of  the  times  of  moonrise  and  moonset  by 

the  phase  of  the  moon.  Look  at  the  full  moon  portion  of  the  diagram, 

which  is  adjacent  to  0000  time  on  the  clock  face.  The  full  moon 
crosses  the  meridian  around  midnight.  Imagine  that  you  are  at  a 
point  on  the  right  edge  of  the  clock-face  earth.  As  this  point  turns 
counter-clockwise  (direction  of  the  arrow) ,  the  full  moon  becomes 
visible  as  you  approach  the  1800  position.  Moonrise  occurs  at  about 
1800  for  a  full  moon.  Continuing  around  the  clock  face,  the  moon 
would  recede  from  your  view  at  about  0800.  Moonset  occurs  around 
0600  for  a  full  moon. 

In  other  words,  the  moon  is  ‘full*  because  it  is  located  on  the  side 
of  the  .earth  opposite  the  sun.  We  tell  time  on  earth  by  our  position 

in  the  daily  rotation  of  the  earth  with  respect  to  the  sun.  A  full 

moon  can  only  be  seen  from  earth  from  about  1800  to  0600  because  of 
the  mechanics  of  the  situation. 

EXCEPTION:  In  extremely  high  latitudes,  the  mechanics  get  more 
complicated  due  to  the  axis  tilt  and  other  irregularities  that  will 
be  dealt  with  in  succeeding  frames. 

The  other  phases  of  the  moon  are  only  visible  between  certain  hours 
for  the  same  reasons. 

Using  Figure  12,  state  the  approximate  times  of  moonrise  and  moonset 
for : 

MOONRISE  MOONSET 

A.  Third  Quarter  Moon  _  _ _ 

B.  Full  Moon  _ 

C.  First  Quarter  Moon  _  _ 


ANSWER : 
A.  0000 
B  130  0 
” .  120 0 
"FAME  :• 


12  00 
0  5  (’  0 
0  0  0  0 


7  MO 

*  a c  tors  c  a  u 

s*  moonrise  and 

1-v 

•  day.  The 

y  are  t.  h  e  me  o  n  ’ 

1  •=?  t  ’ 

see  if  we 

car.  explain  t h 

-no  o  n 

’ s  o  rbital 

speed  and  angle 

the 

idealized  s 

ituation  of  the 

directly  above  the  equator.  The  moon  orbits  the  earth  once  every  23 
days:  this  equates  to  1/28  of  its  orbit  being  completed  every  24 
hours.  1/28  of  24  hours  equals  approximately  51  minutes.  Now,  with 
the  moor,  making  a  circular  orbit  i  r.  the  same  direction  that  the 
earth  turns  this  would  mean  that  the  moonrise/set  would  occur  about 
51  minutes  later  each  day  (See  Figure  13) . 

The  exaggerated  illustration  m  Figure  12  looks  down  on  the  earth  a 
the  North  Pole  with  the  equator  the  edge  of  the  circle.  The  earth  l 
rotating  clockwise  and  the  moon  is  orbiting  in  the  same  direction. 
Therefore,  each  day  (24  hours)  when  a  standard  meridian  on  earth 
makes  a  complete  revolution,  it  must  continue  on  for  51  more  minute 
for  the  noon  to  come  ir,  view.  Consequently,  moonrise  occurs  51 
minutes  later  each  day. 

Because  of  it's  orbital  speed,  the  moon  would  rise  about  51  minutes 
later  each  day  if  the  moon’s  orbit  was: 

A.  Elliptical  and  inclined  to  the  equator. 

2.  Circular,  and  directly  above  the  equator. 


A.  Circular  and  directly  above  the  equator. 

FRAME  1" 

With  the  moon  in  a  circular  orbit  above  the  equator,  moonrise  would 
occur  about  51  minutes  later  each  day  for  all  positions  on  the  earth 
■except  the  poles).  However,  the  moon  is,  m  fact,  neither  in  a 
circular  orbit,  nor  does  it  orbit  directly  over  the  equator.  What 
does  this  mean0  Well,  for  any  one  position  in  the  low  and  mid 
latitudes  the  moon  does  rise  about  51  minutes  later  each  day,  but 
the  difference  along  a  single  meridian  longitude  can  vary  more  than 
6  hours  between  60°  S.  and  720  N.  This  is  mainly  because  of  the 
moon’s  orbital  angle.  Rather  than  orbitting  directly  above  the, 
equator  the  moon  moves  both  north  and  south  c-x  the  equator  during 
each  orbit.  When  the  moon  is  in  the  northern  part  of  its  orbit,  it 
can  be  seen  earlier  by  northern  observers  than  by  those  to  the 
south,  and  vice  versa. 

Earlier,  you  learned  that  the  sun  moves  23  1/2 *  north  and  south  of 
the  equator  during  the  course  of  a  year  because  of  the  earth’s  axis 
tilt.  The  apparent  path  of  the  sun  across  the  sky  is  called  the 
ecliptic.  The  ecliptic  crosses  the  equator  at  an  angle  of  23  1/2'1. 
The  moon's  path  crosses  the  ecliptic  at  an  angle  of  5* .  The  point 
where  they  intersect  moves  around  the  ecliptic  in  a  little  more  than 
18  years,  causing  the  angle  at  which  the  moon  crosses  the  equator  to 
vary  between  18  1  ^  2  ^  and  28  1/2*.  These  apparent  paths  are 

illustrated  in  Figure  14. 

Moonrise  varies  by  latitude  along  a  particular  meridian  of  longitude 
mainly  because  of  the  moon's: 

A.  orbital  speed. 

B.  orbital  angle. 

C.  elliptical  orbit 

D.  circular  orbit. 
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ANSWER : 


S  p  e  e  c  ;  Angle  >  e  i  f  h  e  r  u :  d  e  r  ) 
f  i-  A.y.E  is 

“he  i  as t  few  i  rari.es  have  shvwr.  that  .  although  you  car,  get  a  rough 
:  ;ea  o !'  mo.:  .".rise  sot  t  a  mes  t  y  the  phases  of  the  me. -or.  ,  specific  rime 

n  .  r.  1  v  he  obtained  by  cons  ;  derat  ions  and  o  a  cm  1  a  1 1  :  t.s  cl  data 

wh ;  rh  » r.  club,  e  *  he  m;  s  orbit  a.  epeec  _i;.j  orbital  ar.  £  1  -  .  Next  we 
will  ?o  v  er  :  a  .  •:  1  a  1 1  n  g  *  h  e  m  :■  o  r,  r  i  s  ••  set  i  it  a  f  r ir.  h  e  Air  A1  mar.  a  :  . 

I  :  .  x  *  j  -i  •  •  .  :  ia  a  frit,  the  .41  mar.ac  seems  a  little 

r  :  tip  1  :  r  a  *  e  d  ,  v  o  u  should  n  _w  have  some  appreciation  fer  the 
"  a  1  cal  a  t  i  oxs  ;  nv  :  .  ved  .  N  '  TE  Although  .t  requires  r.  ca  1  mu  1  a  1 1  :  n  , 
Fra  .ti:  r.al  1  1  1  tin. ;  r.  a  t  i  :  »ta  is  provided  m  the  Air  Almanac.  Se*- 

■  h  -  i  r,  d  e  x  f  *•  r  the  e  act  p  a  g  e  number. 

*  * ‘ *  NO  RESPONSE  NECESSARY *  *  *  * 

FRAME  2u 

ftr,d  r.ioc  r.r  i  se  >  se  t  n .  s  oe  tween  60':  S.  and  72-'  N.  from,  the  Air 
Almanac,  vou  must  use  three  different  sets  of  tables.  They  are: 
a.  Me  or.  rise,  Moonset  data  (Daily  Pages)  . 
r  Interpolation  of  Mcor.rise,  Moonset  for  Longitude, 
c .  Conversion  of  Arc  to  Time  Table. 

The  moonset  ar.d  moonrise  tables  are  found  m  the  upper  right  hand 
?-r:,er  of  each  daily  page.  They  alternate,  with  moonset  on  the  left 
pete  and  moonrise  or.  the  right  page  of  each  opening.  The  next  two 
rages  (Figures  16  arid  17)  are  excerpts  of  complete  daily  pages  with 
t:  -t"  r.rtse  and  nocr.se*  tables  circled. 

» *  NO  RESFONSE  NECESSARY  *  * 
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From  the  moor. rise  table  (figure  10)  ,  list  the  LMT  of  moonrise  at  0- 
cir.d  ISO-  longitude  for  the  following  latitudes: 
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ANSWER : 

A.  1010,  1042 

E .  0342,  0411 

C.  0513,  0644 

D.  0633,  0704 
FRAME  22 

Mow  you  know  how  to  find  the  LMT  of  Moonr ise/set  at  0°  and  180° 
longitude.  What  happens  if  you  are  located  somewhere  in  between’  You 
can  either  divide  the  Diff.  by  180  to  find  the  correction  for  each 
' '  or  just  use  the  table  that’s  provided.  That’s  right1  There  is  a 
table  provided  in  the  Air  Almanac  to  assist  you  in  interpolating  for 
longitudes  other  then  and  180c'.  An  example  of  this  table, 
entitled  Interpolation  of  Moonrise,  Moonset  for  Longitudes  is 
reproduced  in  Figure  19. 

Notice  that  the  table  actually  consists  of  3  vertically  stacked 
sections.  The  top  table  lists  Diff.  values  from  5-30,  the  mid  level 
35-60.  and  finally  values  from  65-90.  The  longitudes  are  listed 
along  the  left  side.  The  O^  longitude  value  will  always  be  zero  and 
the  value  at  ’.80"'  will  always  be  the  same  as  the  value  at  the  head 
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r  RAME  -2  v_c o n  td 

To  obtain  the  time  difference  for  your  location,  use  the  Diff.  v'a 
you  derived  from  the  moonr 1 se /set  tables  and  the  longitude  value 
nearest  your  location  the  correction  amount  is  accurate  enough  so 
that  further  interpolation  is  not  necessary. 
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For  example,  if  your  Diff.  value  from 
the  daily  pages  was  37  and  your 
longitude  was  87°  West,  you  would  use 
a  Diff.  value  of  35  and  enter  the 
table  at  90°  longitude  to  get  a 
correction  of  +  18  minutes.  It  is  "  *■ 
because  you’re  at  West  Longitude. 
Select  the  correction  factor  from  the 
interpolation  table  for  the  following 
Diff.  values  and  longitudes.  When  the 
daily  tables  indicate  a  “POSITIVE 
Diff.  value  indicate  "+"  if  the 
correction  is  West/  ” - ”  if  the 
correction  is  East. 

EXCEPTION:  If  the  Diff.  value  in  the 
daily  tables  is  negative  then  you 

subtract  the  correction  from  the  LMT 
when  you  are  at  West  longitude  and  add 
it  if  you  are  East. 
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F i g  u  r  e  19.  I n  t  e  r p olati o n  o  f 
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To  complete  the  process  of  obta  i  n  i  ng  mo>>nr  i  se  /set  times,  use  the 
Conversion  c:  Arc  to  Time  Table  from  the  Ai  nunac  ( or  Figure  5 )  ♦ 
convert  to  LST  ,  at  your  position,  as  you  did  for  sur.  t  ,  r.u.'i  . 


NOTE:  Each  month  there  is  one 
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ANSWER: 

A.  0724/1655 

B.  0818/1601 

C.  0709/1657 
FRAME  25 

Moon  phase  data  are  shown  at  the  top  of  the  daily  pages  m  the 
Almanac.  The  symbols  are  related  to  the  phase  symbols  in  Figure 
At  the  bottom  right  of  each  daily  page,  the  number  of  days  since 
last  New  Moon  are  given  as  "Age(#Jd."  Finally,  Fractional 
Illumination  data  are  also  provided  in  the  Air  Almanac  (see  List 
Contents )  . 

*  *  NO  RESPONSE  NECESSARY** 

FRAME  26 

For  latitudes  between  6  5*  and  90"'  North.  Semi  durat  i  on  of  Mooring 
graphs  are  provided  in  the  Almanac.  These  fables  are  very  s;mi 1  a 
the  Semiduration  of  Sunlight  graphs.  Each  1  moon  has  its  own  fra 
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A  December  198''  graph  is  showr.  in  Figure  20.  Dates  are  shown  across 
t  h  e  c  t  ter.,  and  'op  and  meridian  passage  times  are  indicated  near  the 
*  p  :  ;  the  ch  r  ■  by  dots  '  )  at  one  hour  intervals.  The  skewed 

1  ir.es  are  similar  to  those  n.  the  sunlight  graph,  as 
are  the  no..-,  noove  and  moon  below  horizon  portions  of  the  graph. 

Mo  or.  phases  are  indicated  on  their  date  of  occurrence.  Note  that  the 
oliiiSes  .-or  re  spend  to  meridian  passage  times  (6  hours  apart)  and  are 
the  same  as  illustrated  in  T l g u r e  12.  You’ll  need  to  keep  Figure  12 
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dep i c  ted 

in  Fig. 
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moon 

passes  the  meridian  near  midnight. 

At  70° 

North  on  5  December,  Fig. 20  shows  that  the  moon  is  (continuously) 
above  the  horizon.  There  is.  therefore,  neither  rise  nor  set  on  6 
December,  but  there  is  continuous  moonlight.  On  13  December  the 
moor,  is  near  third  quarter  (figs.  12  and  20)  and  so  it  passes  the 
meridian  near  0600.  From  Fig.  20,  the  semiduration  of  moonlight  for 
latitude  7  5'=  North  on  13  December  is  approximately  8  hours.  Thus, 
moonnse  is  on  December  12  at  approximately  2200  and  moonset  on  13 
December  is  approximately  at  1400  for  latitude  7  5,:'. 


Figure  20.  Semiduration  of  Moonlight 
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Find  the  LMT  of  moonrise  and  moonset  for  the  following  date:;-  and 
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ANSWER: 

A.  moon  above  the  horizon. 

B.  moon  below  the  horizon. 

C.  1130,  2330 

D.  0559,  1159 
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TEST  QUESTIONS 

The  following  test  is  provided  so  you  can  determine  wh  t  h  e  ■' 
you  reached  the  objectives  stated  in  the  beginning  of  this  T 
Note.  Tables  and  graphs  to  be  used  for  this  test  are  located 
following  pages. 


State  the  main  reason  that  sunrise,  sunset,  and  twilight 
change  from  day-to-day. 
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Sun  SO  16  0 
Moon  SD  16 

Age  1 7d 


sur.r  i  S' 


:  W  • r  k  -  h  q  e  t 


1  Me  a:.  T  .  r  -  ’  L MT  •  ‘  r  ■  n,  the  t  it  1 


i  f  a.::-:d  ;  n  the 


r.  •  -  •  -  * h  •  ■  d  ate  .  a  n  c  t  ne  ia'.u  uc  > 

:  : :  t  -  r  z  ■_■  1  a  t  i  n  ma v  b e  r  c* a  u  r>.*d  . 


y  ’ . s  *  : . &  the  Cjnvers.  -;n 
d  o  *?  r  e  <j  s  I  c  f 


■  .  me  ir 


::..v  v  the  LM'I  tram  S  t  p  I  t  ■:  GMT  by  ns  *  the  C  Drivers 

7  :  char  :  I  -.to  A t  6  .  7h  e  wh  :  I  •>  decrees  I  c  f 

be-  :  -r.verted  ;nr,  o  hours  and  minutes  us .  ng  the  loth 
r  char  t  and  the  minutes  t  ;  of  longitude  will  be 

ini.  ruriut.es  and  seconds  us  inf  the  right  hand  column, 
are  ‘.her.  added  v  for  A/e  ?  t  bong  i  tmde !  to  the  LMT  obtained 
.  e.  The  result  is  the  t . me  of  *  he  event  in  GMT. 


'invert  GMT  to  LST  using  standard  correction  obtained  from 
:  age s  A  I  0  -  A ~  3  . 


bat:  t ude  :  _ _ _ 

I.  ;  n  g  :  t  ud  e  : _ ( ) 

3 1  a  r.  hard  T  l  me  Correction 


.  -irtropriafe  page  from  A 130  -A14b  ,  At  the  intersection  of  items 
a  ,  i  I  read  the  Local  Mean  Time  and  enter  below: 


•-f.g:n  civil  twilight  sunrise  sunset 


End  Civil  Twilight 


Fr cm  The  Arc  to  Time  Table,  on  page  A 1 6 6 :  Determine  the  GMT 
inversion  hrs  min  based  on  whole  ( ° )  longitude.  Last 

urn:.  _  min _  sec  based  on  minutes  and  seconds  of 

t  ide.  Combining  the  two  and  rounding  off  seconds  to  minutes 
1  s  ■.  v  vou  the  Total  GMT  Conversion  (7)  . 


iL  GMT  conversion  =  t  ‘  -  _ _ Hrs _ Min 

recticr.  for  West  Longitude  /  -  Correction  for  East  Longi  ‘  ud< 


v  i  1  Twi  1  i  g h  t )  * 


f  7  ;  +  / 


Mi  n 
Min 

Min  2 


i  p p 1 v  standard  ( 8 ) 

■  ■  r  .  f  4  )  to  (  8  )  !  4  )  *■  /  - 


Mi  n 
Min 

Mi n  LST 


• :  ;  Twilight  ran  be  computed  in  steps  8  and  9  using  data  from 
T  y;  i  :  i  i*ht  tables.  NOTE.  Nautical  Twilight  Time  can  be  estimated 
.  b  :  r  i  c t  i  n g  the  difference  be  t we  en  civil  twilight  time  and 
3 e  from  Begin  civil  Twilight,  and  adding  the  difference  between 
twilight  time  and  sunset  to  the  end  civil  twilight  time. 


C-J  to  U  I  < 


MOC  NR I  S£/ MPONSST  CALCULATIONS  WORKSHEET 

I  .  Er.ter  the  Date,  and  the  iati  tude  /  longitude  cl  the  Iccat.  in 
qu«;  1 1  .•  n  c  the  w«.  rkrheet  be  1  o w . 

I  -  ■  Us  in  if  the  information  from  step  I  determine  the  Moon  r  i  s  e  >  s  e  t 

t  ;  me  from  the  appropriate  Air  Almanac  table  tpp  1  -732?  for-  the  date 
i  n  quest  ;  :  r. .  Some  interpolation  will  be  required.  This  is  the  Loo  a: 
Me  a  n  T  i  o  1'  the  event  at  0  *  Long  1  tude .  At  the  same  time,  copy  down 
the  DIF?  value  from  the  latitude  closest  to  your  location. 

I I  I  To  :  on vert  to  local  mean  time  for  your  location,  Enter  page  F4  , 
using  the  longitude  and  the  Diff  from  step  II  to  determine  the 

r  :  r  r  e  c  t  i  o  r.  to  he  applied  to  L  MT  .  After  applying  the  correction  and 
ou  will  have  the  local  mean  time  of  the  event  for  your  location. 

V_.  Convert  to  GMT  using  the  procedures  below  in  para  9. 

Convert  to  LST  using  the  procdeures  in  para  10  (The  Standard 
c  r recti  on  (5?  obtained  from  pages  A20-A23  of  the  Air  Almanac. 

Date  : _ 

.  Latitude:  _ 

.  Longitude:  _ (  °  ) _ (  *  ) _ (  ’  ’  ) 

4.  Diff  value  (s) _ / _ minutes 

5.  Standard  Time  Correction  _ _ +/-  hrs 

*5  .  Using  1  and  2  determine  moonrise/set  times  at  0°  Longitude  from 
pp  1  -732.  MRj _ / MS  : _ . 

Using  3  and  4  determine  the  correction  for  your  longitude  and 
apply  to  the  time  arrived  at  in  6.  MR _ /MS _ . 


3.  From  The  Arc  to  Time  Table,  on  page  A166:  Determine  the  GMT 

Conversion  on  the  left  side  of  the  chart  _  hrs _  min  based 

on  whole  ( )  longitude.  From  the  last  column  determine  the  _ min 

_ sec  based  on  minutes  and  seconds  of  longitude.  Combining  the 

T.wo  and  rounding  off  seconds  to  minutes  will  giv  you  the  Total  GMT 
Cor.  vers  :  o n  (  8  )  . 

9  Total  GMT  conversion  =  +/- _ Hrs _ Min 

Use  a  *  correction  for  West  Longitude  ;  a  -  Correction  for  East 


GMT -( add  7  and  9) 


(7) 

Hrs 

Min 

:  9  )  +  /  - 

Hrs 

Mi  n 

Hrs 

Min 

T  -  a  p  p  l  y  standard 

(10) 

Hrs 

Mi  n 

cor.  to  (10) 

(  5 )  +  /  - 

Hrs 

Min 

Hrs 

Mi  n 
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r'P.ZP  AKAT ! C  1  OF  ASTRONOMICAL  DATA  -  TEST  ANSWERS 

..  Thrr  .-.ivi:.  '3  axis  is  not  perpendicular  to  the  plane  of  it's  orbit 
It  is  •  : .ted  13  1/2°.  (or  words  to  that  effect.) 

-  A  V.  T  :  \  Twilight  Sunrise  Sunset  PM  Civ  Twilight 
.'505  05  32  1840  1907 


AM  0 1 v  Twilight  Sunrise  Sunset  PM  Civ  Twilight 

0304  0444  1924  2104 


4 .  A .  .he  moon’s  orbital  speed 
B.  The  moon's  orbital  angle 

5  .  Moonnse  Mo o n s e t 

2035  GMT  0449  GMT 

2135  LST  0549  LST 


(in  either  order) 


5.  Moonrise  Mo onset 

7  May  /0645  8  May  /0645 

If  you  missed  any  of  these  questions,  go  back  and  reread  the 
appropriate  sections  of  this  Tech  Note. 
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